Histidinemia, an inherited metabolic disorder that often results in mental retardation, was originally described by Ghadimi, Partington, and Hunter (1961) . More than SO cases have been reported since. As a result of research by LaDu (19S9, 1962) and Auerbach and associates (Auerbach, 1962; Auerbach, DiGeorge, Baldridge, Tourtellotte, & Brigham, 1961; Auerbach, DiGeorge, & Carpenter, 1967) , the disease may now be characterized as a block in the conversion of dietary histidine to urocanic acid. This metabolic failure results from the inactivity of histidase, which is absent in persons suffering from this disorder, in the same way that the inactivity of phenylalanine hydroxylase leads to phenylketonuria, a similar disorder. Givot and Abeles (1970) demonstrated that mammalian histidase can be deactivated with periodic injections of C-nitromethane. The levels of urine and liver histidine were elevated within two hours of injection, and the percentage of histidine inactivation remained high over a 72-hour period. Histidine levels in rats may also be raised by placing them on a histidine-high diet (Woodworth & Baldrige, 1970) .
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2 Requests for reprints should be sent to R. Douglas Whitman, Department of Psychology, Wayne State University, Detroit, Michigan 48202. high in utero histidine levels, the subjects showed impaired learning of both a discrimination task and of a series of mazes and were more active in an open field. In the course of running these subjects, it was observed that the subjects might be impaired in the learning of a maze but not in the retention of a maze habit. The present studies were conducted in order to examine the retention of a maze habit in these experimental subjects and to assess the effect of the previously observed hyperactivity on maze learning.
METHOD Subjects
Four groups of female albino rats (Charles River Breeding Labs) were maintained on special diets and received experimental injections for one week. At that time, the urine histidine levels were determined qualitatively with Pauly reagent after high-voltage electrophoresis. All experimental groups showed elevated histidine levels and two male rats were introduced to each group. The treatments were continued and histidine levels were monitored qualitatively throughout the gestation period. Givot and Abeles (1970) reported that periodic injections of C-nitromethane deactivated mammalian histidase. This procedure seemed specific, since nitromethane has a low reactivity. The urine and liver of the treated mice showed high levels of histidine within two hours of injection. A .80 molar solution of nitromethane was effective for three days and eliminated 90% of the histidase activity. Additional injections of histidine during histidase inactivity further raised the liver and urine histidine levels, and the levels returned to normal when the histidase activity returned. The qualitative assessment employed in the present study indicated elevated levels. A crude quantitative indication was provided by the redness of the pink spot representing the presence of histidine in the urine. This indicator was much darker in the histidine diet conditions, suggesting higher levels of histidine. A more detailed analysis of the effects of these experimental procedures on the blood plasma amino acid levels is presently being conducted. The groups of subjects were prepared as follows:
Control group. The control group received a fixed amount of control diet 3 with a normal amount of histidine each day. Every third day, each female received .5 milliliters of .9% sodium chloride injected introperitoneally.
Histidine diet group. The histidine diet group received a fixed amount (amounts of diet given are equivalent for all groups; diets are obtained from Woodworth & Baldridge, 1970 ; enough diet was given to insure constant availability of food) of histidine-high diet and received control injections as described above.
Nitromethane-injected group. The nitromethane group received a fixed amount of control diet every day and received .5 milliliters of 1.5 molar nitromethane in .9 sodium chloride injected intraperitoneally every third day.
Histidine diet and nitromethane-injected group. This group (histidine diet plus nitromethane) received a fixed amount of histidine-high diet and nitromethane injections as described above.
The offspring were kept with their mothers until weaned and then maintained on an ad-lib diet (Purina laboratory chow) until two months of age. It was initially believed that there were signs of failure to mate in the experimental subjects. Separate litters were started to examine systematically this possibility. These studies indicated that the percentages of successful mating within all groups were very similar. All litters were of approximately the same size, and subsequent death rates of pups were extremely low for all litters. Although cross-fostering was not employed, no differences in mothering were observed. There were no significant differences in birth weight. Although the histidine diet sub-3 The control diet was a diet containing 20% casein (vitamin free), 5% Alphacel (cellulose), 27% salts (hegsted), 4% corn oil, 2% cod liver oil, 1% vitamin supplement, .2% choline chloride, and 66% sucrose, while the other diet was the control diet supplemented with 5% L-histidine • HCL • H 2 O (neutralized by an equivalent amount of sodium carbonate) in place of an equal amount of sucrose. jects lagged in weight gain during the first month, by the time behavioral testing began all subjects in all groups weighed an average 250 grams. At two months of age, subjects were maintained on a one-hour ad-lib feeding schedule each day. At 2J months of age, the behavioral testing began. Subjects were run in equal age groups throughout the experiment.
Apparatus and Procedure
Open field. The open field consisted of an enclosed wooden box measuring 6 X 18 X 18 inches, which was criss-crossed by two light beams from two Lafayette Model PC-99-9082 photoelectric relay units. Each time a subject intercepted a light beam, a movement was recorded on an electric counter. Ten naive subjects were randomly chosen from each group and were placed in the open field for one hour.
Retention study. The maze box, start boxes, and maze walls were all constructed of one-half-inch plywood which had been painted flat black. The outside dimensions of the maze were 20 X 20 X 6 inches. The removable walls were 6 inches high and of various lengths. Bolts in the base of the walls fitted holes in the floor of the maze box. A cover of plywood and black screening was fitted over the top of the maze, and a single 40-watt light bulb was hung over the center of the maze illumination. The start boxes at opposite corners of the maze had manually lifted doors. Two maze patterns were used. These were Practice Maze No. 1 and Test Maze No. 4 of the Hebb-Williams maze series (as described by Davenport, Hagquist, & Rankin, 1970) . Prior to learning Maze No, 4, the 10 subjects from each group who had been run in the open field were run for 12 trials in Practice Maze No. 1. There was an average time of four hours between the open field running and the maze practice. On the following day, each rat was run to a criterion of four out of five errorless trials in Maze No. 4. After a seven-day period, during which the subjects were kept in their home cages, all subjects were again run in Maze No. 4 until criterion was reached a second time. The subjects were again placed in their home cages and 30 days later rerun to criterion in Maze No. 4 for a third time. Figure 1 shows the cumulative movements for all groups over 15-minute periods for 60 minutes of open field activity. It can be seen that all experimental groups were more active than the control group; the histidine diet and nitromethane subjects were the most active, followed by the histidine diet subjects and then the nitromethane subjects. Analysis of variance (Winer, 1971) showed a significant effect in activity in subjects with a high histidine diet (F-5.52, df= 1/36, p < .05), but not in subjects with nitromethane injections, nor for the interaction.
RESULTS
Comparisons between individual group means, using Student's t method (Ferguson, 1966) , indicate that each experimental group is significantly different than the control group. None of the experimental groups differed significantly from each other. These t values are summarized in Table 1 .
Errors to criterion on the maze on all test days are shown in Figure 2 . Analysis of variance of Test Day 1 data showed a significant effect for the diet factor (F = 8.00, d/=l/36, £<.01), an insignificant difference for the injection factor, and a significant interaction (F = 4.26, d/=l/36, p<.05) . Analysis of variance of Day 7 and Day 30 revealed no significant differences.
Comparisons between individual group means of Test Day 1 data, using Student's t method, showed that each experimental group was significantly different from the control group. None of the experimental groups differed from each other. Similar analyses of Day 7 and Day 30 data revealed no significant differences between any groups. These t values are summarized in Table 2 . In order to partial out the effect of activity on maze performance, an analysis of covariance was done on Day 1 data and the open field data. The pattern of results remained the same. The analysis showed a significant effect for the diet factor (F-9.87, df -1/36, £<.01), an insignificant difference for the injection factor, and a significant interaction (F = 4.94, df ~ 1/36, #<.OS).
Thus, the control subjects performed better than the experimental subjects in maze learning on Day 1, but showed the same amount of retention of the maze habit on Days 7 and 30. The experimental subjects were also more active than the controls and a analysis of covariance indicated that this was independent of their learning difficulties.
DISCUSSION
The results of this study support those of previous findings (Whitman, 1973) . The experimental conditions produce animals which exhibit hyperactivity and a deficit in the performance of the learning task. However, two additional conclusions can now be drawn regarding the nature of the behavioral differences.
Although the experimental subjects had obvious difficulties in initially learning the maze pattern, they demonstrated no difficulties in retaining the maze habit. This implicates any of a number of difficulties (distractibility, attention deficit, short-term memory loss) which might interfere with the learning of the task without effecting its retention.
Comparison of the activity and performance data also indicated that the hyperactivity and performance deficit might be two independent concomitants of the experimental conditions. In other words, the performance deficit cannot be entirely accounted for by the increased activity of the experimental subjects.
It is tempting, in view of the similarity of these characteristics with those of retarded children, to assume that we have produced a laboratory analogy of the human disorder. However, the analogy is, at best, partial, as the measures of animal learning used in this investigation differ somewhat from the operations used to assess retardation in human infants. Nonetheless, the results support the general hypothesis that high histidine levels result in learning deficit and that further research into the biopsychological mechanisms involved appears warranted.
